Spatial distribution of akinetes of Anabaena flos-aquae (cyanobacteria) in littoral bottom
Introduction
Harmful freshwater cyanobacterial blooms is an increasing problem that impact human and animal health, water quality and recreation (Paerl et al., 2001 ). Many bloom-forming cyanobacteria during unfavorable growth conditions persist in bottom sediments as resting stages (akinetes or dormant colonies). Importance of migration of the resting stages from the sediments for development of planktonic populations is still debatable. However, in some cases resting stages in bottom sediments represent potentially significant inocula for subsequent development of pelagic populations (Baker, 1999; Head et al., 1999) . It was found (Sirenko, 1978; Tsujimura et al., 2000) , that the time of bloom formation is related to the quantity of Microcystis colonies in the sediment, i.e. if the quantity of new inoculum from the sediment is very large, the bloom will be formed earlier. Tsujimura and Okubo (2003) also presumed that the probability of bloom formation will be enhanced by the extent of sediment inoculations, since in the water column species which have benthic (resting) stage may have a competitive advantage over those species which do not. It was shown that there is relation between number of resting stages in bottom sediments and extent of Anabaena flos-aquae (Lyngb.) Breb.
predominance in phytoplankton community (Kravchuk et al., 2007) .
The littoral was found to be the main site for recruitment of cyanobacteria, probably due to higher temperature, more light, and more sediment mixing than at profundal sites (Head et al., 1999; Karlsson-Elfgren and Brunberg, 2004; Rengefors et al., 2004) . Hence, it seems important to obtain more information on the spatial distribution of the resting stages in littoral bottom sediments, as well as the possible factors influencing the distribution. However, limited studies have attempted to quantify the resting stages in littoral sediments and to find the sites where resting stages accumulate constituting a «seed bank» for later bloom development. The purpose of the present study was to investigate the spatial distribution and seasonal dynamics of akinetes of cyanobacteria Anabaena flosaquae in a small Siberian reservoir to elucidate the process of akinete accumulation in littoral bottom sediments.
The study site
Bugach reservoir (locally called as Bugach pond) is situated 56°03'N and 92°43'E in the vicinity of the Krasnoyarsk city (Siberia, Russia) (Fig. 1) . It is located in the Bugach river (secondary tributary of the Yenisei River). The reservoir has a surface area of about 0.32 km 2 , its maximum depth of 7 m and mean depth of about 2 m. Water retention time in the reservoir is about 160 days. The reservoir is used for recreation and fishing. Detailed descriptions of the reservoir ecosystem are given elsewhere (Sushchik et al., 2004; Dubovskaya et al., 2003; Kalachova et al., 2004) .
Methods
In order to investigate the distribution of Stations 1ab, 4a-6a and 7b-11b were located at the higher plant bed (see Table 1 , 2). In April 2003 an additional sample was taken at a littoral station 3a ( Fig. 1 ).
Four stations were sampled to study the seasonal dynamics of akinetes of A. flos-aquae in the reservoir ( We sampled only the upper 1 cm of the sediments, that is, the top 1-cm layer of each sediment core was placed in a 4-cm diameter Petri dish and transported to the laboratory within an hour. Namely the upper layer of sediments is generally used for investigation of seasonal dynamics of resting stages (Baker, 1999; Kim et al., 2005; Kovacs et al., 2003) . The changes in akinete abundance in the surface sediments reflect loss of germlings to the water column from germination and gain to the sediments from sporulation of the planktonic populaton. It has been shown, that equivalent changes in akinete abundance are generally not observed in the deeper layers of sediments (Baker, 1999) .
All samples were stored in the dark at 4 0 C until analysed within 2-3 days. Sub-samples water. This method is a modification of the techniques of number of authors (Head et al., 1998; Kovacs et al., 2003; Rasanen et al., 2006; Tsujimura and Okubo, 2003) . A suitable dilution of the sediment is important for this technique, because in a concentrated sample the sediment particles often adhere to the akinetes, making them extremely difficult to identify. Prior to counting, the suspensions were shaken well in order to separate the sediment particles and the akinetes. Standard errors (SE) and Student's t-test were calculated conventionally (Campbell, 1967) . maximum than that at the station 1 (Fig. 2, 3) . (Fig. 2, 3 ).
Results

Akinete
During all three seasons akinetes were absent in the water column at the station 1 until the end of May -beginning of June (Fig. 2) . In seasonal maximum in the second half of summer, but at the station 3 it was much higher than that at the other stations (Fig. 2, 3) .
Abundance of akinetes in bottom sediments
at the station 1 increased during the seasons of 2001, 2003 and 2004 (Fig. 2) . In 2002 number of akinetes in the bottom sediments tended to decrease to the end of season. Abundance of akinetes in sediments at the littoral stations was significantly lower than that at the central station (Fig. 2, 3) . In littoral sediments peaks of akinete (Fig. 3) .
During winter abundance of akinetes in bottom sediments at the central station 1 and at the littoral station 2 tended to decrease (Fig. 2, 3 (Fig. 1) of Anabaena circinalis akinetes were also significantly higher in fine clay sediments in deeper water (11-15m) and lower in sediments of variable texture in water of 3-6 m depth (Baker, 1999 In autumn the akinete abundance in littoral sediments of the reservoir was at the same level as in the spring (Table 1, where dense blooms have occurred (Tsujimura and Okubo, 2003; Faithfull and Burns, 2006; Head et al., 1998; Kim et al., 2005; Baker, 1999) .
Akinete densities in bottom sediments of Bugach reservoir are comparable with this value (Table 1, 2; Fig. 2, 3 ).
The abundance of akinetes in littoral sediments of the reservoir is much lower than that in the deeper (4 m) central part (Table 1, (Kondratyeva, 1975; Olli et al., 2005) . In contrast, maximum akinete density of A. fos-aquae in the Murray River (Australia) and Seokchon reservoir (Korea) coincided with the population peak (Kim et al., 2005; Baker, 1999) , as well akinetes of A. lemmermannii were produced, as the bloom progressed (Olli et al., 2005) .
Percent proportion of the attached akinetes to vegetative cells (i.e. A*100/C where A is attached akinetes and C is vegetative cells) can be used as an indicator of intensity of sporulation. In Bugach reservoir early in the season (June-July), when the population was increasing, the proportion was low and never exceeded 2.5 %. A few laboratory (van Dok and Hart, 1996) , mesocosm (Olli et al., 2005) and field (Baker, 1999) On the other hand, akinetes may have smaller size than sediment particles and sink to deeper layers within sediments. As mentioned above, there is evidence that this process depends on sediment texture and it is more pronounced in sandy sediments than in silt (Tchernousova et al., 1968) . The open water sediment of the Bugach reservoir is black silt, but there is sandy sediment in the considerable part of littoral. Therefore, decrease of akinete abundance in the littoral may be explained by their sinking to deeper layers of sediments.
It was found, that during winter abundance of akinetes decreased in bottom sediments both in littoral and deeper central parts of the reservoir (Fig. 2, 3) . A similar decrease in akinete density has also been reported by Kim et al. (2005) in 
